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using distal perfusion as an adjunct to the aortic repair
(Gott shunt [GS], left heart bypass [LHB], or partial car-
diopulmonary bypass [PCPB]).
MATERIAL AND METHODS
Cohort study
Patients. In a consecutive cohort of patients who
underwent surgery for TRTA from June 1992 to August
2000 at a tertiary trauma center, data were collected from
hospital charts, physician office files, and outpatient records
for demographics, symptoms, associated injuries, imaging
results, and outcome. Long-term follow-up was performed
by contacting all survivors by means of telephone.
We excluded patients with penetrating injuries,
injuries of the aortic arch or ascending aorta, or chronic
aneurysms. The abbreviated injury severity score, which
was described by Cowley et al,6 in trauma of the aorta was
used as a means of describing associated injuries, and the
Glasgow coma scale was used as a means of defining neu-
rologic status. Aortic repairs performed later than 24
hours after the accident were defined as delayed.
Surgical technique. All patients underwent surgery
with CAS performed by three surgeons. One lung ventila-
tion and a standard posterolateral thoracotomy through
the fourth intercostal space were used. The aorta was
clamped between the left subclavian and the common
carotid artery or distal to the subclavian artery. Control of
the descending thoracic aorta was achieved at a level distal
to the aortic injury. The aorta was opened longitudinally,
Traumatic ruptures of the thoracic aorta (TRTA) are
associated with blunt trauma causing sudden decelerations
or crush injuries to the chest. They occur in 0.8% of motor
vehicle accidents and are responsible for 16% of deaths.1,2
It is estimated that 60% to 80% of patients die at the scene
of the accident.3 The treatment of the remaining 20% of
patients who survive to reach the hospital remains contro-
versial.3 The original strategy of immediate aortic repair,
which is advocated by Parmley et al,3 has been challenged
by recent reports of successful delayed repair.1 Similarly,
there is no consensus about the optimal method of aortic
repair: graft interposition or simple suture, the clamp-and-
sew technique (CAS), or the use of an adjunct to maintain
distal perfusion. The incidence of neurologic deficits and
mortality varies between different centers because of dif-
ferences in case-mix and surgical techniques used. Recent
reports suggest that neurologic deficits are reduced with
distal aortic perfusion.4,5
In this study, we report on a consecutive cohort of
patients treated with CAS and the results of a systematic
review of the literature comparing CAS with techniques
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Purpose: Through a systematic review of the literature, we identified the optimal management of traumatic ruptures of
the thoracic aorta (TRTA) and reported the results of a cohort of patients treated with the clamp-and-sew technique
(CAS) at a tertiary trauma center.
Methods: Studies were identified through Medline and the Cochrane library and from reference lists and papers from
the authors’ files. Studies with a single consistent protocol (CAS, Gott shunt [GS], left heart bypass [LHB], or partial
cardiopulmonary bypass [PCPB]) that reported mortality and neurologic outcomes were included. Relevance, validity,
and data extraction were performed in duplicate. A retrospective review of charts from June 1992 to August 2000 pro-
vided the database for our experience.
Results: Twenty studies reporting on 618 patients were found to be relevant. Interobserver agreement for relevance and
validity decisions was high. Mortality rates for repair with CAS, GS, LHB, and PCPB were 15%, 8%, 17%, and 10%,
respectively, and for paraplegia they were 7%, 4%, 0%, and 2%, respectively. The difference in mortality rates was not
statistically significant. CAS had a higher incidence of neurologic deficits than GS (odds ratio [OR], 1.8; 95% CI, 0.4-
8), LHB (OR, 6.4; 95% CI, 0.8-50), and PCPB (OR, 3.4; 95% CI, 1-10). In our cohort of 25 patients, 21 underwent
surgery with CAS. The median abbreviated injury severity score was 20 (range, 4-50). The mean aortic clamp time was
30 ± 12 minutes. Aortic repair was achieved with graft interposition in 43% of patients, and simple suture was achieved
in 57% of patients. Mortality (10%) and neurologic complication (paraplegia, 11%; paraparesis, 5%) rates were not sta-
tistically different from those reported in the literature.
Conclusion: CAS is associated with a similar mortality rate but a higher incidence of neurologic deficits than methods
with distal aortic perfusion. (J Vasc Surg 2001;34:1029-34.)
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and direct repair or graft interposition was used, depend-
ing on operative findings.
Outcomes. The main outcomes considered were hos-
pital mortality and neurologic deficit rates. Secondary out-
comes were renal failure, postoperative complications, the
length of stay in the hospital and in the intensive care unit,
and days on ventilatory support.
Systematic Review
Search strategy. Reports of TRTA were identified by
means of a Medline database search from 1966 to April
2000 with Ovid software (Ovid Technologies, New York,
NY) and the search strategy outlined in the appendix.
Inclusion and exclusion criteria. Studies were
selected for review when the reported results in patients
with acute TRTA were caused by blunt trauma. Exclusion
criteria included interventions that could not be described
in terms of a single consistent protocol used during a pre-
specified time frame in a chronologically continuous
cohort of patients; elective cases that could not be sepa-
rated from emergent cases; reports on penetrating or iatro-
genic injuries of the thoracic aorta, injuries of the
ascending aorta, and transverse arch or chronic traumatic
aneurysms; outcome mortality or paraplegia rates were not
reported; the time frame of the study was not described;
and case reports and case series with fewer than 10 patients.
Duplicate publications were also excluded, and only the
most recent report was selected for inclusion in the review.
Relevance and validity. We reviewed titles and
abstracts to identify potentially relevant studies, which
were then retrieved so that the final decision of relevance
was made on the basis of the full text. Studies were
reviewed in duplicate (A.S.J., K.K.) for relevance and for
internal validity (methodological rigor). The latter was
assessed by using a series of prespecified questions assess-
ing the type and direction of inquiry (retrospective or
prospective cohort study), the documentation of demo-
graphic data, the description of the intervention, and the
assessment of outcomes. Standardized forms were used as
a means of collecting the data and are available on request
from the authors.
Data extraction. Two independent reviewers (A.S.J.,
K.K.) used a standardized form to collect the data. Details
of study design, patient selection, baseline characteristics,
surgical procedures, and outcome assessment were
recorded in duplicate. Disagreements were resolved by
means of a consensus (A.S.J., K.K., C.S.C.).
Outcome measures. The objective of this work was
to combine data from different studies to identify which
surgical approach (CAS, GS, LHB, PCPB) reduces the
incidence of mortality and neurologic deficits in the treat-
ment of TRTA. We felt that the benefit of a specific strat-
egy of surgical management would best be captured by
means of the outcomes of hospital mortality and neuro-
logic deficit rates. The outcome of hospital mortality rate,
however, was not reported by all available publications,
and we elected to use the outcome of mortality rate to
combine hospital and 30-day mortality rates.
Statistical analysis
Agreement between reviewers was assessed by means
of Cohen’s kappa.7 Kappa was calculated with Arcus
QuickStatBiomedical software version 1.0 (Longman,
UK). To summarize results across studies, we assumed lack
of statistically significant heterogeneity. For each outcome,
the sum of the total number of events divided by the total
number of patients gave a pooled estimate weighted by
study size. Logistic regression was performed by using
SPSS software version 10.01 (SPSS, Chicago, Ill), and
odds ratios (ORs) were calculated for the outcomes of
interest. The Fisher exact test and two-tailed t test were
used when appropriate with GraphPad Instat software ver-
sion 3.01 (GraphPad Software, San Diego, Calif). A P
value of .05 or less was considered to be significant. All
results are reported as the mean plus or minus the SD, the
median with the lowest and highest values, and the effect
size with 95% CI.
RESULTS
Personal experience
From June 1992 to August 2000, 25 patients with
blunt injuries of the descending thoracic aorta were
treated. The mean age of the patients was 38 ± 20 years,
and 76% of the patients were men. Alcohol intoxication
was documented in seven patients (28%). Car accidents
were responsible for 72% of the TRTAs, falls from a height
were responsible for 16%, and motorcycle and snowmobile
collisions were involved in 12% and 4%, respectively.
Table I summarizes the clinical presentation. Two
patients were paraplegic on arrival to the emergency
department. One of these patients died of other injuries
before repair of the TRTA, and the other patient died
postoperatively. Three patients were comatose on arrival,
and their neurologic status could not be determined. They
all survived, and only one sustained paraparesis. Associated
injuries are described in Table II. All patients sustained
multiple injuries, reflecting the severity of force necessary
to damage the aorta. The median abbreviated injury sever-
ity score was 20 (range, 4-50), and the median Glasgow
coma scale score was 14 (range, 3-15).
Table I. Clinical presentation: Cohort study
N (%)
Systolic blood pressure < 90 mm Hg 3 (14)
Tachycardia (> 100 beats/min) 4 (16)
Coma* 11 (44)
Chest pain 16 (64)
Dyspnea 6 (24)
External thoracic injury 11 (44)
Midscapular back pain 2 (8)
Paraplegia 2 (8)
*The neurologic status of the lower limb could not be assessed in three
patients.
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Investigations for possible TRTA were conducted in
25 patients. In five patients, the diagnosis was established
with computed tomography (CT) scanning, and in two
patients it was established with angiography. All other
patients underwent CT scanning and angiography. Aortic
injuries were located at the aortic isthmus. In two patients,
an associated left subclavian injury, which was not identi-
fied with CT scanning, was found, and in one patient, a
dissection of the subclavian artery discovered at the time
of surgery was not identified by either CT scanning or
angiography.
Twenty-one patients underwent surgery. Three patients
did not undergo surgery because of a brain stem injury,
advanced age, or poor medical conditions, leading to con-
servative medical treatment. They all died during their hos-
pital stay. One patient sustained a massive intrathoracic
bleed and sustained cardiac arrest during angiography.
Twelve patients underwent surgery within 12 hours of
the accident, six between 12 and 24 hours, and three later
than 24 hours. Causes for the delayed repair were transfer
from another institution (3 patients), late discovery of the
injury (2 patients), and intrabdominal injuries and coagu-
lopathy (1 patient).
There were no intraoperative deaths. Two patients
(both in the delayed repair group) died postoperatively
(10%), one from respiratory complications and one from
liver and respiratory failure. Assessment of the neurologic
status was possible in these two patients, and they were
not paraplegic. Paraplegia developed in two patients, and
lower-extremity weakness that allowed the patient to walk
with assistance developed in one patient (total neurologic
deficits, 16%). The aortic clamp times in these patients
were 47, 15, and 41 minutes. The two longest clamp
times occurred during repairs requiring interposition
grafts. Mortality and neurologic complication rates were
not statistically different from those reported in the litera-
ture for CAS (P = .07 and P = .18, respectively). A direct
repair was used in 12 patients (57%). The remaining
patients received an interposition graft. The mean aortic
clamp time was 30 ± 14 minutes. It was longer with inter-
position grafts (39 ± 10 minutes) than with direct repair
(23 ± 11 minutes; P = .001). Postoperative complications
other than paraplegia are reported in Table III. Acute
renal failure, defined as the doubling of the serum creati-
nine level, developed in two patients. They did not require
dialysis and were discharged home with normal renal func-
tion. In these two patients, the clamp times were 62 and
15 minutes. Overall, the median number of days spent in
the intensive care unit and in the hospital was 11 (range,
2-29 days) and 28 (range, 6-61 days), respectively.
Ventilatory support was necessary for a median of 8 days
(range, 1-32 days). Of the survivors, 18 patients were con-
tacted and were alive at a mean follow-up of 37 ± 32
months (median, 40 months [range, 1-98 months]).
Systematic review
A total of 390 titles and abstracts were identified by
means of the search strategy; 190 of these appeared poten-
tially relevant and were marked for retrieval. Twenty pub-
lications met our inclusion and exclusion criteria.1,8-26
Agreement between reviewers for relevance decisions was
excellent (kappa, 0.96). Interobserver agreement for study
quality (description of patient demographics and of surgi-
cal intervention) was also high (kappa, 0.89). Overall, the
quality of the studies was poor, and none involved an out-
side assessor. All studies were retrospective. We felt that
the surgical intervention was adequately described in all
studies. Three studies (15%) did not adequately describe
patient demographics.11,14,26 In eight studies, a prede-
fined specific technique for repair was used in all patients,
Table III. Postoperative complications: Cohort study 
Postoperative complication N (%)
Cardiac arrest 1 (5)
Hypotension 1 (5)
Hypertension 8 (38)
Arrhythmia 2 (10)
Sepsis 1 (5)
Vocal cord paresis 2 (10)
Hypoxic encephalopathy 1 (5)
CHF 1 (5)
MI 1 (5)
Atelectasis 7 (33)
Pneumonia 7 (33)
ARDS 5 (24)
ARF 2 (10)
CVA, Cerebrovascular accident; CHF, congestive heart failure; MI,
myocardial infarction; ARDS, acute respiratory distress syndrome; ARF,
acute renal failure.
Table II. Associated injuries
Cohort Systematic review
Associated injuries N (%) N (%)
Musculoskeletal
Rib 9 (36) 107/269 (40)
Clavicle 2 (8) –
Sternum 3 (12) 20/106 (19)
Lower extremity 14 (56) 52/196 (27)
Vertebral 6 (24) 14/135 (10)
Cardiopulmonary
Cardiac contusion 3 (12) 14/173 (8)
Lung contusion 10 (40) 42/178 (24)
Hemothorax 11 (44) NA
Pneumothorax 7 (28) NA
Tracheobronchial – 1/11 (9)
Head injuries
Closed head injury 17 (68) 79/394 (20)
Skull fracture 1 (4) 9/58 (16)
Facial fracture 1 (4) 54/193 (28)
Abdominal
Spleen 2 (8) 28/183 (15)
Renal 5 (20) 9/96 (9)
Liver 3 (12) 21/201 (10)
Diaphragm 1 (4) 15/209 (7)
Bowel 2 (8) 2/17 (12)
Pancreas 1 (4) 5/112 (4)
NA, Data not available.
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with few exceptions because of clinical scenarios or the
availability of resources.8,11,14,15,17,18,20,24
Overall, 618 patients underwent surgical repair of a
TRTA: 220 (36%) with CAS, 52 (8%) with GS, 100 (16%)
with LHB, and 246 (40%) with PCPB. The mean age of
patients was 33 years, and 86% of patients were men
(222/258). Table II describes associated injuries, and
Table IV lists aortic clamp times and type of aortic repair.
Mortality and neurologic deficit rates in the individual
studies included for review are reported in Table V. The
cumulative mortality rates for CAS, GS, LHB, and PCPB
were 15%, 8%, 17%, and 10%, respectively. With logistic
regression, we found the different techniques of repair did
not significantly contribute to differences in mortality rate.
A trend for better survival rate was noted with GS and
PCPB, compared with the other techniques. The OR for
CAS compared with GS was 2.1 (95% CI, 0.7-7; P = .18),
with PCPB it was 1.7 (95% CI, 1-3; P = .06), and with
LHB it was 1.0 (95% CI, 0.5-2; P = 1.0). Neurologic
deficits for CAS, GS, LHB, and PCPB were 7%, 4%, 0%,
and 2%, respectively. CAS had a higher incidence of neu-
rologic deficits than GS (OR, 1.8; 95% CI, 0.4-8; P =.5),
LHB (OR, 6.4; 95% CI, 0.8-50; P = .07), and PCPB (OR,
3.4; 95% CI, 1-10; P = .02).
Ten studies reported outcomes for comparison of early
and delayed repairs.1,8,11,12,15,18,21,22,24 Associated comor-
bidities were usually responsible for a delayed surgical
treatment of the aortic injury.1 In the group of patients
who underwent delayed repairs (delayed repair group), the
overall mortality rate was 7% (7/94): 10% (3/30) for CAS,
50% (2/4) for GS, 7% (2/28) for LHB, and 0% (0/32) for
PCPB. The mortality rate for patients who underwent
surgery within 24 hours (early repair group) was 10%
(19/185): 12% (2/17) for CAS, 17% (1/6) for GS, 20%
(4/20) for LHB, and 8% (12/142) for PCPB. The OR for
the mortality rate in the early repair group compared with
the delayed repair group was 1.42 (95% CI, 0.6-4; P = .4).
The incidence of neurologic deficits in the delayed repair
group was 1% (1/87): 4% (1/27) for CAS, 0% (0/2) for
GS, 0% (0/26) for LHB, and 0% (0/32) for PCPB. The
Table IV. Clamp times and repair with interposition grafts: Systematic review
CAS GS LVB PCPB
Clamp time (min) 24 ± 5 43.5 ± 0.7 42.8 ± 8.0 47.6 ± 13.5
Graft, n/N (%) 12/59 (20) 18/18 (100) 62/69 (90) 132/178 (74)
Table V. Studies included in the systematic review
Author Year Patients (N) Mortality (N [%]) Neurologic deficit* (n/N [%)])
CAS
Antunes10 1987 16 2 (12) 0/14 (0)
Schmidt26 1992 32 5 (16) 1/32 (3)
Svensson18 1985 11 2 (18) 1/9 (11)
Attar23 1999 54 12 (22) 10/41 (24)
Sweeney9 1997 71 9 (13) 1/65 (2)
Maggisano1 1995 36 3 (8) 1/33 (3)
Total 220 33 (15) 14/194 (7)
GS
Sharma17 1997 24 1 (4) 1/23 (4)
Avery12 1979 10 3 (30) 1/7 (14)
Verdant14 1985 18 0 (0) 0/18 (0)
Total 52 4 (8) 2/48 (4)
LHB
Benckart16 1989 17 3 (18) 0/14 (0)
Guvendik19 1988 19 4 (21) 0/14 (0)
Read25 1993 16 2 (13) 0/14 (0)
Skotnicki15 1982 17 3 (18) 0/14 (0)
Blegvad22 1989 21 3 (14) 0/18 (0)
Kipfer21 1994 10 0 (0) 0/10 (0)
Total 100 17 (17) 0/84 (0)
PCPB
Attar23 1999 43 7 (16) 0/36 (0)
Mitchel11 1983 14 0 (0) 0/14 (0)
Pate8 1995 88 6 (7) 2/86 (2)
Soyer24 1992 43 3 (7) 0/40 (0)
Fasquel13 1990 29 3 (10) 2/26 (8)
Kieny20 1991 29 4 (14) 1/25 (4)
Total 246 23 (10) 5/227 (2)
*The denominator changes because patients who died were not included.
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incidence of neurologic deficit in the early repair group was
3% (5/170): 7% (1/15) for CAS, 0% (0/5) for GS, 0%
(0/16) for LHB, and 3% (4/134) for PCPB. The OR for
neurologic deficits in the early repair group compared with
the delayed repair group was 2.6 (95% CI, 0.3-23; P = .4).
No differences in mortality and neurologic deficit rates
between the early and delayed groups were found when
each type of aortic repair was considered separately.
DISCUSSION
The mortality rate for repair of TRTA varied between
centers and did not appear to be influenced by the surgi-
cal technique used. The use of GS or PCPB was associated
with a trend toward increased survival, which did not
reach statistical significance. The severity of other associ-
ated injuries may be responsible for the relative insensitiv-
ity of this outcome to the specific technique used for the
repair of TRTA.23
The incidence of paraplegia appeared decreased by
using adjuncts for distal aortic perfusion. The difference
approached statistical significance for the use of LHB and
was significant for PCPB. The clinical relevance of paraple-
gia, however, needs to be considered when evaluating sta-
tistical significance, particularly when the sample size is
small. In this review, the number needed to treat (NNT)
was 20 (95% CI, 9-50) for PCPB and 14 (95% CI, 7-33)
for LHB (ie, to prevent the development of paraplegia in
one patient, 20 patients need to be treated with PCPB
instead of CAS and 14 patients need to be treated with
LHB). The effect size for the use of GS to prevent paraple-
gia was smaller than with the active technique of distal aor-
tic perfusion (NNT, 33; 95% CI, 11-167). Only three
studies, however, were identified that reported on 52
patients treated with GS. This technique appears to be
unreliable in maintaining distal perfusion, because flow and
distal pressures are dependent on the hemodynamics of
unstable patients and on the size of the shunt, which may
be inadequate for distal perfusion.4 In our cohort study,
rates of associated injuries, mortality, and paraplegia were
comparable with those reported in the literature for CAS.
The available data did not allow analysis of the relationship
between neurologic deficits and type of repair (ie, direct
repair compared with interposition graft). The use of grafts,
however, required a statistically significant increase in aortic
clamp time. A clamp time of 30 minutes or longer has been
associated with increased incidence of neurologic deficits.27
The adjuncts for distal aortic perfusion did not elimi-
nate the risk of neurologic deficits. The origin of the artery
of Adamkiewiz arises between T5 and T8 in 12% to 15%
of patients.8 Repairs of TRTA usually occur between T4
and T6. A low placement of a distal aortic clamp may
result in obstruction of the artery of Adamkiewiz.8
Alternatively, a clamp placed proximally to the left subcla-
vian artery may transiently reduce the spinal cord blood
flow through the vertebrobasilar system.
The theoretical advantages of techniques of distal aor-
tic perfusion are a reduction in cardiac afterload, cerebral
hypertension, and cerebrospinal fluid pressure during high
thoracic aortic clamping. In addition, the repair may be
accomplished with precision without the pressure of
achieving a short aortic clamp time. With PCPB, improved
oxygenation may also be attained in the presence of lung
contusions.8 One of the disadvantages of PCPB is the need
for the systemic administration of heparin, which may be
contraindicated because of the risk of intracerebral or
intrabdominal bleeding. Heparin-bonded circuits have
been used in this setting as a means of avoiding the use of
systemic heparin administration.23,28
Delayed aortic repairs appeared to confer a clinical
advantage compared with early repair. For the composite
outcome mortality or paraplegia rate, the NNT was 20
(95% CI, 9-61; ie, 20 patients need to be treated with a
greater than 24-hour delay to prevent one patient from
dying or paraplegia developing in one patient). This dif-
ference could not be explained by a greater use of adjuncts
of distal perfusion in the delayed repair group compared
with the early repair group. Survivorship selection bias and
other cointerventions may partially explain this difference.
In this work, the power of detecting a statistically sig-
nificant difference for the outcomes of mortality and para-
plegia was low (20% to 60%) because of the small sample
size and the few outcomes present in the different com-
parisons. The interpretation of results is limited by the
quality of the studies included. All were retrospective, the
hospital mortality rate was not always reported, the only
neurologic outcome was paraplegia, and neurologic out-
comes in patients who died were not described. Finally, no
report included an assessment of clinical outcomes by an
independent observer. The inferences that may be drawn
are, therefore, weakened by a number of potential biases
and confounding variables.
CONCLUSION
Adjuncts of active distal aortic perfusion appear to be
associated with better neurologic outcomes than CAS.
This advantage is not seen for the outcome mortality rate,
possibly because of the influence of associated injuries.
Until further evidence is available, LHB and PCPB should
be used as a means of preventing paraplegia in the man-
agement of TRTA.
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APPENDIX. SEARCH STRATEGY 
AORTA, THORACIC, AORTIC RUPTURE, AORTA
THORACIC INJURIES or [traumatic rupture aorta, (trau-
matic) transection aorta, (traumatic) aortic dissection]
Capitals are used to indicate pre-exploded Medical
Subject Headings, and the lower case is used for text words.
The reference lists of all relevant articles, the reference
lists of review articles, and the authors’ personal files were
also searched.
